Abstract Restoration of submerged macrophytes in eutrophic shallow freshwater ecosystems is rarely undertaken without additional measures to improve water clarity. Increasing water clarity is extremely difficult to achieve in some eutrophic waters, so this study trialled the establishment of macrophytes directly into a turbid, phytoplankton-dominated system. The submerged macrophyte Vallisneria australis grew successfully in five 48-m 2 protective exclosures, from transplants attached to steel mesh for anchorage in flocculent sediments. Plant growth, water quality, and zooplankton and macroinvertebrate richness and abundance were measured and compared with open water control plots throughout the growing season. V. australis grew well despite poor water quality (total phosphorus 44-1400 lg l -1 ; total nitrogen 650-14,000 lg l -1 ; chlorophyll a 1.6-770 lg l -1 ; turbidity 3-207 NTU), attaining 85-100% cover after 6 months. Water quality was not improved within macrophyte meadows and zooplankton grazing was not enhanced. Richness and abundance of macroinvertebrates increased and additional native macrophyte species colonised the exclosures. Co-dominance of phytoplankton and macrophytes was achieved in exclosures, with beneficial outcomes for biodiversity. Rapid destruction of macrophyte meadows by waterbirds on removal of protective cages indicated the need for continued protection for long-term establishment of submerged macrophytes.
Introduction
Submerged macrophytes are important components of aquatic ecosystems, providing structural habitat and food sources for animals (Heck & Crowder, 1991; Diehl & Kornijów, 1998) , and maintaining a clearwater regime in shallow lentic systems (Davis et al., 2010) through nutrient uptake, enhanced sedimentation and reduced resuspension (Van Donk & van de Bund, 2002) and provision of habitat for herbivorous zooplankton (Timms & Moss, 1984) . Nutrient enrichment generally leads to the decline of submerged macrophytes, primarily due to light limitation caused by excessive growth of epiphytic algae (Phillips et al., 1978) and phytoplankton (Jupp & Spence, 1977) . The result is a turbid, phytoplankton-dominated regime which presents a serious management problem in terms of public health, aesthetics and loss of biodiversity.
Owing to their significance in ecosystem processes, recolonisation of submerged macrophytes is frequently a goal of restoration, but one which is generally achieved following initial improvement in water clarity. The most prominent example is biomanipulation in cool temperate lakes (Ozimek et al., 1990; Meijer et al., 1994; Sondergaard et al., 2007) whereby increased water clarity allows recolonisation of submerged vegetation, which then stabilises a clearwater state (Van Donk & van de Bund, 2002) . Macrophyte establishment through transplantation is less common, but where herbivory limits natural reestablishment, protected plantings can be successful (e.g. Sondergaard et al., 1996; Lauridsen et al., 2003) . In subtropical China, submerged macrophyte transplants have been incorporated in multi-faceted restoration trials (Chen et al., 2009; Ye et al., 2011) , but largescale restoration has been problematic under conditions of low transparency and high nutrients (Qin, 2013) . While transplantation is successful in less degraded systems (Carter & Rybicki, 1985; Moore et al., 2010) , there are few examples of restoration of submerged macrophytes in phytoplankton-dominated shallow systems without additional actions to improve water clarity.
Management of excessive phytoplankton growth logically targets nutrient loading reduction. However, significant reductions may be difficult to achieve in developed catchments and may not lead to ecosystem recovery owing to release of nutrients from sediments within turbid, phytoplankton-dominated regimes (Mortimer, 1942; Marsden, 1989) . In Australia, biomanipulation is often not feasible owing to potential impacts on protected small fish species either through direct removal or introduction of predatory species (Sierp et al., 2009) , and there are few short-tomedium term restoration actions available to improve water clarity. Under these circumstances, the capacity to establish macrophytes directly into eutrophic systems may be beneficial.
We planted submerged macrophytes in a shallow, impounded reach of the eutrophic Vasse River in south-western Australia, without concomitant water clarity improvement, to evaluate the potential for caged submerged plants to be used in restoration. The method used aimed to overcome light limitation by planting a species tolerant of low light and high nutrient conditions, and assisted colonisation by using protection from waterbird disturbance and providing a substratum for root anchorage in the flocculent sediment. The questions were the following: (1) can submerged macrophytes be established in turbid, nutrient-rich waters when protected from herbivorous waterfowl; (2) what influence do submerged macrophytes have on the aquatic invertebrate assemblage in this degraded system; and (3) does the presence of submerged macrophytes improve water quality in terms of reduced nutrient concentrations, turbidity and phytoplankton growth?
Materials and methods

Study site
The lower reach of the Vasse River in south-western Western Australia (33 o 38.901 0 S; 115 o 20.675 0 E) is a shallow section of variable width (10-30 m) in Busselton, which is impounded to maximise water levels during summer. Diversion of flow from the upper 90% of the catchment in this mediterranean climate, has resulted in an elongated wetland with maximum depth around 2 m, and negligible summer flow. A thick layer of flocculent sediment covers the river bed, exceeding one metre depth in the thalweg. High nutrient concentrations support extensive cyanobacterial blooms during summer and autumn (Novak & Chambers, 2014) , impacting aesthetic and recreational values. Due to its prominent location in Busselton, this is a significant management issue driving considerable past investment in restoration, including sediment remediation and removal, foreshore revegetation and management of diffuse nutrient sources. However, none of these actions have yet improved water quality. Submerged macrophytes have not been observed in the lower Vasse River, despite numerous studies and management actions undertaken since 2000.
Seasonal changes in water quality were observed during the experiment. Mean conductivity increased from 0.7 mS cm -1 in October 2011 to 2.2 mS cm 
Study species
Vallisneria australis S.W.L. Jacobs & Les is a perennial, rooted submerged macrophyte with long ribbon-like leaves growing from a basal cluster. It is widely distributed in the eastern states of Australia (Sainty & Jacobs, 1994) and naturalised in Western Australia, with four known populations in the southwest region (DPAW, 2013) , and tolerates low light conditions (Blanch et al., 1998) . In pilot studies, in this system using a range of submerged macrophyte species, V. australis was the only species to survive in pot trials at the very high nutrient and phytoplankton levels (Novak & Chambers, 2014) , and grew successfully in small (1-m 2 ) meadows with waterbird protection. With the highly degraded nature of the river, macrophyte dominance, even of a naturalised species, would be preferable to the toxic cyanobacterial blooms currently present. However, V. australis did not flower during this trial, all biomass of the species was removed when cages were taken out at the end of the study, and subsequent checks found no evidence of the species over the following two growing seasons.
Experimental design
Ten plots (five treatment (macrophyte) plots and five control (bare sediment) plots, (interspersed and allocated randomly) were positioned along a two kilometre reach of the lower Vasse River in October 2011. Each treatment plot included plants in 48 m 2 (6 m 9 8 m) protective cages with steel mesh fencing (mesh size 50 mm 9 75 mm) covered with bird netting (mesh size 20 mm). Cages prevented disturbance by water birds and large fish but allowed passage of small fish and invertebrates and maintained connectivity with surrounding water. Control plots were marked open water sites of the same size as the treatment plots. Controls comprising cages without plants were not used because of potential for natural colonisation of macrophytes in protected areas (Lauridsen et al., 2003) , which would conflict with research aims to compare water quality and invertebrates in the presence and absence of plants. Control plots of plants without cages were not considered possible based on pilot trials of small meadows which indicated that protection was essential to survival. Therefore, treatments comprised the cage, netting and the macrophytes, with any independent effect of cages accepted as part of the restoration regime. Furthermore, the netting and cages were removed at the end of the experiment to confirm their role in sustaining the macrophyte beds (see below).
Vallisneria transplants were of about thirty ramets of variable length (90-410 mm) held together with wire. Six transplants were attached with wire uniformly to each of eight 1.2 m 9 2.4 m steel mesh grids (mesh size 100 mm). Grids were placed on the sediment surface uniformly throughout each treatment plot. Depth varied because plots were located on a gentle slope, and depth within plots ranged from 0.81 to 1.26 m at the time of transplantation.
Sampling
Initial planting created cover of 1% (48 transplants within 48 m 2 , each transplant within an area 0.01 m 2 ). Visual estimates of percentage plant cover (basal cover) were made each month, excluding November, when small plant size, high water depth and turbidity prevented estimation. Because volumetric estimates of biomass would be correlated with decreasing depth, basal cover estimates were used to measure growth over time. Depth measurements were made monthly at the four corners of each plot.
Epiphyte load was sampled in December and February, with shoot samples cut at the sediment surface from five randomly selected 100 9 100 mm quadrats. The native submerged macrophyte Potamogeton crispus unexpectedly colonised two macrophyte plots, and similar sampling for epiphyte load on this species was done for these plots. Samples were gently pre-washed to remove any sediment and then epiphytes were carefully scraped and washed from V. australis leaves into clean water; and removed from P. crispus leaves by shaking for 1 min in water owing to the more complex morphology and fragility of this species. Epiphytes were filtered onto pre-weighed glass fibre filters, and both epiphytes and plants were dried at 70°C for 72 h to determine epiphyte load per unit dry weight of plant material.
Flow in the study reach was negligible from late spring until the winter rains and as sampling aimed to detect localised changes associated with macrophytes, water was sampled monthly within macrophyte and control plots. Sampling in macrophyte plots was done from a temporary aluminium plank to minimise disturbance. At each plot, depth-integrated sub-samples were taken from four random points using a 45 mm internal diameter clear plastic tube, and combined for analysis of nutrients, chlorophyll a and turbidity. Standard analytical methods were used to determine total phosphorus and total nitrogen (Valderrama, 1981) , filterable reactive phosphorus (Johnson, 1982) , nitrate plus nitrite (Johnson, 1983) , ammoniumnitrogen (Switala, 1993) , and chlorophyll a (APHA, 1995) as an indicator of phytoplankton biomass. Turbidity was analysed in situ (Hach 2100P Turbidimeter). In situ measurements of temperature, dissolved oxygen, conductivity, salinity and pH were recorded near the surface and bottom at one location within each plot (YSI 556 MPS multiparameter probe).
Aquatic invertebrates were sampled monthly from each plot by three replicate 3 metre sweeps (D-frame net, mesh size 250 lm) from random start points. Samples were preserved in ethanol and stored at\5°C prior to identification and counting. Taxa present in very large numbers were counted using volumetric subsampling. Invertebrates were identified to family level with the exception of Copepoda, Cladocera, Collembola, Clitellata, Hydracarina and Hirudinea, which were not identified further. Fish in sweep samples were identified and counted: native species were returned immediately to the water and introduced species were killed in an ice slurry.
Data analysis
Vallisneria growth (percentage cover, arcsine transformed) was analysed over time using a single-factor repeated-measures analysis of variance (ANOVA) with sample date as a main effect (six levels, random). Epiphyte load (g per g leaf biomass, dry weight) on V. australis and P. crispus was compared over time for each species using repeated-measures ANOVA with sample trip as a repeated-measure factor (two levels, random: December and February) and plot as between-subjects factor (random, five levels for V. australis, two levels for P. crispus). Comparisons of epiphyte load between the two species and sample dates were analysed for the two sites where they cooccurred using repeated-measures ANOVA with sample trip (two levels, random: December and February) as the repeated-measures factor and species (two levels, fixed) as the between-subjects factor. Plant growth and epiphyte data met assumptions of normality and homogeneity of variance, as indicated by Shapiro-Wilk and Levene's tests, respectively; and Mauchly's test confirmed equal variances between different levels of measurement (sphericity).
Repeated-measures ANOVA was used to examine differences between macrophyte and control plots for each water quality variable and invertebrate abundance and richness data: with plot type as the betweensubjects factor (two levels, fixed: macrophyte and control) and sample date as the repeated-measures factor (six levels, random). Abundances of Copepoda and Cladocera were analysed separately because of their potential as phytoplankton grazers. Levene's test verified homogeneity of variance and water quality and abundance data were transformed (log 10 ? 1) to meet assumptions of normality. Where Mauchly's test indicated sphericity was not met, outcomes of Wilk's Lambda exact multivariate test were used. Complete ANOVA results are presented in Appendix 1 (Online Resource 1). Spearman's correlation coefficient was used to identify variables correlated with chlorophyll a levels because this was the primary indicator of phytoplankton growth, which is dependent on nutrient availability and is often the main cause of turbidity in eutrophic waters.
Invertebrate abundances differed greatly between treatment and control plots, so rarefaction curves were constructed (EcoSim: Gotelli & Entsminger, 2001 ) to compare richness between treatments, independent of the effect of abundance. Differences in invertebrate assemblage composition between macrophyte (plants plus cage) and control plots (no plants and no cage) were analysed by ANOSIM (analysis of similarity) using data for each plot (3 sweeps averaged; logtransformed) on each sample date. SIMPER (similarity percentages) was used to identify the families responsible for the differences between treatment and control plots and the Bio-Env procedure determined whether patterns in the invertebrate assemblage were associated with patterns in the water quality variables. All multivariate analyses were completed using software package PRIMER 6 (Plymouth Routines in Multivariate Ecological Research: Clarke & Warwick, 2001) .
Results
Macrophyte growth
Vallisneria transplants were not visible for 2 months owing to poor water clarity. By December, water levels had dropped to 0.54-1.02 m and transplants were visible at or near the water surface in all plots, with 100% survival and mean cover of 13% (Fig. 1a) . Rapid growth followed, with mean cover increasing to over 50% in January, when decreases in water level were followed by a further increase in mean cover to 86.5% (range 70-100%) in March (Fig. 1a) . Not surprisingly, growth was highly significant over time (F 1,4 = 45.3, P \ 0.001). Although water level continued to drop during the study period, with final depth range of 0.0-0.38 m (Fig. 1a) , rapid initial growth, resulting in leaves reaching the surface, suggests transplants would be likely to continue to grow at depths of at least 1 m.
Other native submerged macrophyte species were found in some plots during the study. Small amounts of hornwort Ceratophyllum demersum L. were observed in caged plots from January to March (1-4% cover). Potamogeton crispus grew in the two most downstream caged plots from December to March, with decreasing cover over time (Fig. 1a) . P. crispus was also present in nearby unprotected areas during December only, including one control site.
Protective cages were removed at the end of the experiment, following sampling in March, and meadows were completely destroyed by waterbirds within 4 days (zero plants remaining within plots). Both herbivorous and predatory waterbirds were observed feeding within macrophyte meadow areas (Table 1) .
Epiphytes
Between December and February, mean epiphyte load on V. australis decreased slightly (Fig. 1b) , but loads decreased in the two most upstream plots and increased at other plots downstream (sampling date x plot interaction: F 4,20 = 6.62, P = 0.001). Epiphyte load on P. crispus leaves was significantly higher in February compared with December ( Fig. 1b . F 1,8 = 28.12, P = 0.001). For the two sites where V. australis and P. crispus occurred together, epiphyte load increased over time for both species, but there was a significant interaction between sampling date and species (F 1,18 = 10.1, P = 0.005) because epiphyte loads were higher on V. australis in December but higher on P. crispus in February.
Water quality
Total phosphorus (TP) increased to extremely high levels during the study (F 5,4 = 14.80, P \ 0.001), but did not differ between macrophyte and control plots (F 1,8 = 6.62, P = 0.591) (Fig. 2a) . Concentrations at the start of sampling were more than three times the local guideline for ecosystem protection (65 lg l ) and increased to an order of magnitude higher than this guideline in March. Results were also well above the nominal minimum threshold for phytoplankton dominance in temperate shallow lakes (150 lg l -1 ; Scheffer & Jeppesen, 1998), which has also been shown to apply in south-western Australia (Novak & Chambers, 2014) . Filterable reactive phosphorus (FRP) concentrations decreased over time in all plots (F 5,4 = 43.08, P = 0.001) (Fig. 2b) , and did not differ between macrophyte and control plots ( Total nitrogen (TN) increased markedly over time (F 5,4 = 157.52, P \ 0.001) to levels well above the ecosystem protection guideline (1200 lg l -1 ; ANZECC & ARMCANZ, 2000) from January onwards (Fig. 2c) , and was significantly higher in macrophyte than control plots (F 1,8 = 7.10, P = 0.029). Most nitrogen was in particulate form, especially at higher concentrations towards the end of the study. The highest levels of ammonium-nitrogen (NH 4 -N) and nitrate plus nitrite (NO 3/2 -N) occurred during October, with concentrations of both then falling to very low levels by December (Fig. 2d , NH 4 -N: F 5,4 = 2957.0, P \ 0.001; NO 3/2 -N: F 5,4 = 5700.0, P \ 0.001). Ammonium-nitrogen increased at the two most downstream macrophyte plots in March.
Chlorophyll a concentrations greatly exceeded the ecosystem protection level from January onwards (5 lg l -1 ; ANZECC & ARMCANZ, 2000) (Fig. 2e ). Although chlorophyll a levels differed little between macrophyte and control plots early in the experiment, concentrations increased from January to March in macrophyte plots more than in control plots (plot type x sample date interaction: F 5,4 = 8.19, P = 0.032) (Fig. 2e ). There was a strong positive correlation of chlorophyll a with both TP and TN (TP: r = 0.69, P \ 0.01; TN: r = 0.82, P \ 0.01).
Turbidity was generally low from October to December, when all samples were below the lowland rivers ecosystem protection guideline (10 NTU; ANZECC & ARMCANZ, 2000), but increased rapidly over time from January (F 5,4 = 334.2, P \ 0.001) (Fig. 2f) . This increase was associated with the cyanobacterial bloom, indicated by a strong correlation with chlorophyll a (r = 0.85, P \ 0.01). Turbidity was significantly higher in macrophyte plots than controls (F 1,8 = 7.10, P = 0.017). Daytime dissolved oxygen (DO) generally increased during the study and varied considerably within both plot types (Fig. 2g, h ). Surface DO did not differ between plot types until March, when concentrations were substantially lower in macrophyte plots, but there was no significant effect of plot type or sample date (respectively: F 1,8 = 2.7, P = 0.139; F 5,4 = 4.58, P = 0.083) (Fig. 2g) . In bottom waters, DO levels were lower in macrophyte plots in January and March (plot type x sample date interaction: F 5,4 = 20.5, P = 0.006).
Invertebrates
Cladoceran abundance was very low in all plots from October to February (Fig. 3a) and did not differ between plot types (F 1,8 = 0.003, P = 0.958) or over time (sample date effect: F 5,4 = 0.262, P = 0.186). Greater mean abundance in March was due to high numbers in one sample from each plot type. Copepoda were much more abundant than cladocerans and were consistently present throughout the study (Fig. 3a) , although abundance was variable with no difference between macrophyte and control plots (F 1,8 = 0.003, P = 0.955).
Macroinvertebrate abundance was very low in control plots throughout the study, whereas abundance in macrophyte plots increased substantially over time until February (Fig. 3b) and was significantly higher than in controls (F 5,40 = 4.35, P = 0.003). Familylevel richness was also higher in macrophyte plots compared with controls (F 5,40 = 8.48, P \ 0.001) and showed a similar increase over time (Fig. 3b) . Twentyfour taxa were identified from control plots, compared with thirty taxa from macrophyte plots. All taxa present in control plots were also found in macrophyte plots. Importantly, higher taxon richness in macrophyte stands was not solely due to higher abundances (Fig. 3c) .
Macroinvertebrate assemblage composition also differed substantially in the presence and absence of macrophytes (R = 0.25, P \ 0.001), and average dissimilarity between macrophyte and control plots was also high at 67.7%. Taxa with the greatest contribution to dissimilarity due to higher abundance in macrophyte plots were Coenagrionidae larvae, gastropods (Physidae, Planorbidae and Lymnaeidae), Palaemonidae, Chironomidae, Clitellata, Notonectidae, Cyprididae and Corixidae (Appendix 2, Online Resource 2). Invertebrate composition in macrophyte plots was associated with nitrogen (TN, N-anions and NH 4 ) and total phosphorus (p w = 0.39) but in control plots, invertebrate composition was most related to chlorophyll a and total phosphorus (p w = 0.23).
Fish
Fish species observed in invertebrate sweep samples from macrophyte plots included 17 native Swan River Goby (Pseudogobius olorum Sauvage), two native Nightfish (Bostockia porosa Castelnau) and three small introduced Goldfish (Carassius auratus L.). Introduced Eastern Gambusia (Gambusia holbrooki Girard) were present in sweep samples from both plot types, but abundance was significantly higher in macrophyte plots (F 1,8 = 42.6, P \ 0.001). Abundance of Eastern Gambusia increased over time (F 5,4 = 15.5, P = 0.010), but remained relatively low in control plots (maximum mean of 6.5 ± 0.80 std. error in March) compared with macrophyte plots, in which mean abundance increased to 25.8 (± 15.0 SE) in January and 98.7 (±44.6 SE) in March.
Discussion
Macrophyte establishment
This restoration trial successfully created, in flocculent sediments, dense meadows of V. australis, which were sustained under turbid conditions when protected from waterbird disturbance. Light is a key factor limiting submerged macrophyte growth and high turbidity is known to prevent macrophyte recolonisation (Scheffer & van Nes, 2007) and successful revegetation (Carter & Rybicki, 1985) . Unlike other transplantation studies (Sondergaard et al., 1996; Lauridsen et al., 2003; Chen et al., 2009) , this study did not use additional measures to improve water clarity. Light limitation was overcome by the ability of V. australis to tolerate low light levels, including its growth response of leaf elongation and recruitment in low light conditions (Blanch et al., 1998) . The initial transplant length of up to 0.41 m provided a canopy with some exposure to light, and rapid growth allowed V. australis to reach the surface of the water within 2 months, before onset of the seasonal algal bloom and resulting increase in turbidity. Plants continued to grow rapidly during January at depths up to 0.73 m in conditions of very high turbidity, because of the cyanobacterial bloom, with colonisation of new substrata to extents of more than 50%, which continued in the turbid conditions, reaching 70-100% after 6 months. Rapid growth of V. australis may also have limited epiphyte load by providing new leaf surfaces. Although final maximum depth of growth demonstrated in this study was only 0.38 m, and decreasing water levels compensated for increasing turbidity (Moore et al., 2010; Bucak et al., 2012) , leaves of V. australis transplants had elongated to the surface at up to 1.02 m depth, which would likely support continued growth regardless of further drop in water levels. Furthermore, increasing cover of V. australis over time contrasted with that of P. crispus, which was unable to colonise new substrata despite declining water levels.
Protection from waterbird feeding and disturbance was essential to successful establishment of macrophyte meadows, demonstrated by complete loss of macrophytes because of grazing and disturbance by waterbirds within four days of cage removal. Previous studies have also demonstrated damage by waterbirds to macrophyte transplants and the need either for ongoing protection, or establishment of stands large enough to sustain grazing pressure (Carter & Rybicki, 1985; Lauridsen et al., 2003; Moore et al., 2010) . However, these examples came from restored lakes that were not under eutrophic, turbid conditions. Macrophytes in nutrient-enriched conditions are more palatable to birds (Bakker & Nolet, 2014) , and high bird density can reduce macrophyte development in eutrophic waters (Marklund et al., 2002) . Although there are no counts of waterbird densities in the lower Vasse River, waterfowl were common during this study and the nearby Vasse-Wonnerup Wetlands support over 30,000 waterbirds during summer (Lane et al., 2007) . Waterbirds would easily prevent natural development of submerged macrophytes in this system. While the absence of submerged vegetation is generally attributed to light limitation in phytoplankton-dominated regimes, this study demonstrates the additional potential importance of top-down control by herbivory in shallow waters within feeding range of birds.
The protective cages also excluded large goldfish, which may uproot plants, while foraging and prevent their establishment (Morgan & Beatty, 2007) . Although their contribution to the destruction of meadows would be negligible in comparison to birds, they may limit natural macrophyte colonisation.
Water quality
Nutrient concentrations increased to extremely high levels during the study and were generally similar in macrophyte meadows and open water controls. Thus, despite negligible flow during the study period, meadows were not large enough to influence water quality independently of external water exchange. Dissolved nutrient fractions declined rapidly at the start of the growing season, while TN and TP increased in correlation with chlorophyll a, suggesting nutrients were bound within algal cells. Phytoplankton was the main cause of high turbidity from January to March and both chlorophyll a and turbidity were higher in macrophyte plots than controls over that period. Although trapping of particulates and associated sedimentation can improve water clarity, in this study cyanobacterial colonies were trapped within macrophytes, possibly contributing to higher TN and turbidity. We also noted higher TP and lower DO in macrophyte plots during the final 2 months of this study, when high plant density resulting from shallow conditions may have reduced oxygenation by restricting mixing and benthic primary production, causing release of phosphorus (Mortimer, 1942; Boros et al., 2011) .
Given the absence of top-down control by zooplankton (see below), the basis of water quality improvement through this restoration method is to promote sedimentation and nutrient uptake, which are known to limit nutrient availability in waterbodies with a clear-water, macrophyte-dominated regime. Sedimentation was apparent in our macrophyte plots, and nutrient uptake was likely, but despite this, extremely high nutrient availability continued to support excessive phytoplankton growth.
Zooplankton
Abundance of grazing zooplankton was not enhanced by submerged macrophytes. Copepoda, which have limited potential for grazing on phytoplankton (Boon et al., 1994) , was the most abundant zooplankton group. Larger cladocerans, which exert more grazing pressure on phytoplankton (Brooks & Dodson, 1965) , were rarely found in high abundance. This is consistent with studies in subtropical waters where high densities of small omnivorous fish prevent development of large cladoceran populations (Beklioglu et al., 2007; Brucet et al., 2012) . Macrophyte meadows in our study had high abundance of predatory invertebrates (Coenagrionidae, Notonectidae, Corixidae) and the omnivorous G. holbrooki. Such aggregation of fish and macroinvertebrates within submerged vegetation can limit their value as zooplankton refuge (Meerhoff et al., 2006; González Sagrario & Balserio, 2010) . Interestingly, however, greatest cladoceran abundance occurred in March, when fish density was highest, so it is possible that G. holbrooki. had little effect (Ho et al., 2011) . Nonetheless, this introduced species is widespread in southwestern Australia and several native fish species that consume zooplankton do have a preference for cover (Morgan et al., 2011) , which may limit potential refuges within submerged macrophytes.
The dominance of cyanobacteria also restricts topdown control of phytoplankton, as large colonies of Microcystis sp are difficult for zooplankton to ingest (Boon et al., 1994) , and at very high density (January to March average: 515,000 cells per mL) Microcystis may release harmful levels of toxic microcystins (Rohrlack et al., 2001) . Although Daphnia has been shown to resist toxicity and suppress cyanobacteria (Chislock et al., 2013) , chronic exposure may prohibit the development of substantial populations in natural systems (Dao et al., 2010) . Prevalence of small zooplankton and cyanobacteria is common in eutrophic waters in warmer regions (Romo et al., 2004; Domis et al., 2013) , and in this study limited any potential for grazing pressure on phytoplankton growth.
Macroinvertebrates
The creation of submerged macrophyte meadows substantially increased macroinvertebrate abundance and richness compared with open water controls. This result is not surprising, with vegetated aquatic systems known to support much greater biomass and diversity of invertebrates (Dvorak & Best, 1982; Heck & Crowder, 1991) . However, while fish communities within macrophytes may limit macroinvertebrate populations in some shallow subtropical systems (Brucet et al., 2012) , this was not observed in our study. Plant structure and associated increased surface area and niche diversity may offer greater potential for predator avoidance than open water with bare substrata (Diehl & Kornijów, 1998) . Additional primary food sources (the macrophytes themselves, epiphytic algae, and decomposing material from these sources) (Kornijów et al., 1995) within macrophyte stands doubtless also had a positive effect on macroinvertebrates. Correlation of macroinvertebrate assemblages with chlorophyll a in controls and the absence of this correlation in macrophyte plots may reflect alternative food sources provided by macrophytes. Organisms consuming these varied food sources in turn support a more complex food web within macrophyte stands (Dvorak & Best, 1982) . Gastropods were a major component of the macroinvertebrate community within meadows from an early stage. They probably ate algal epiphytes and may have controlled epiphyte biomass on macrophyte leaves (Jones & Sayer, 2003) .
Many studies have shown the important influence of submerged macrophytes on macroinvertebrates, a phenomenon now evident in newly planted stands, even under poor water quality. The restored plants attracted families that were absent from control plots, indicating the restoration of biodiversity and supporting ecosystem processes that were otherwise absent from this degraded system. Protection by cages from predacious waterbirds may have contributed to increased abundances of macroinvertebrates, although this was confounded because macrophytes could not be established without protection. However, submerged macrophytes are well known to support increased abundance and diversity of macroinvertebrates compared with open water (Dvorak & Best, 1982; Shupryt & Stelzer, 2009) , and long-term research in the nearby Vasse-Wonnerup Wetlands has also found extremely high densities of macroinvertebrates amongst aquatic vegetation (Chambers et al., 2013) despite very high concurrent waterbird densities (Lane et al., 2007) , so plants would likely have supported an abundant and diverse macroinvertebrate community, regardless of bird predation.
Future use of submerged macrophytes in restoration
While the feasibility of growing submerged macrophytes in turbid, eutrophic conditions was demonstrated in this study, a corresponding improvement in water quality was not. Rather, an alternative turbid regime with co-dominance of macrophytes and phytoplankton occurred, which supported increased richness and abundance of aquatic macroinvertebrates. Increased native biodiversity is often a primary goal in the restoration of aquatic systems, so inclusion of submerged macrophytes should be considered as a component in their recovery. At the scale of this experiment, water quality was not improved over that observed in control plots, but the effects of larger macrophyte beds on reach-scale water quality over a longer period is worth investigation. Although potential for top-down control of phytoplankton through this approach appears limited in this mediterranean climate system, it may be an advantage if applied in cool temperate shallow lakes. In addition, submerged macrophytes do have potential to maintain water clarity through other mechanisms regardless of climate (Scheffer & van Ness, 2007; Vanderstukken et al., 2011) , and particularly in warmer systems given their potential occurrence throughout the year (Beklioglu et al., 2007) . Therefore, their transplantation in Fig. 4 Potential pathways of degradation (A) and restoration (B, C) in shallow lentic systems associated with nutrient enrichment. Submerged macrophytes withstand nutrient enrichment until a threshold is reached beyond which plants and associated diverse invertebrate community are lost (A), with the end point a turbid, phytoplankton-dominated regime with low biodiversity. Restoration via nutrient reduction alone has a lengthy transition pathway due to feedback mechanisms within the turbid regime (B). Protected macrophyte transplantation (C) can achieve co-dominance of macrophytes and phytoplankton with increased biodiversity despite high nutrient concentrations. Over a longer period, potential beneficial nutrient cycling processes together with nutrient loading reduction facilitate establishment of a clear, macrophyte-dominated regime (D). The restoration pathway C, D presents a faster recovery than B, and achieves biodiversity outcomes in the short term some degraded systems may provide improved water quality outcomes.
While ongoing reduction of nutrient inputs is a priority for management, inclusion of this approach presents an alternative pathway for restoration of shallow, eutrophic waters (Fig. 4) . Nutrient enrichment is responsible for degradation (Fig. 4A) ; however, reduction of nutrient inputs can be difficult and restoration of water clarity and biodiversity hindered by feedback mechanisms associated with the phytoplankton-dominated regime (Fig. 4B) . Protected transplants of macrophyte species tolerant of low light availability (Fig. 4C) can improve biodiversity in a relatively short period, and potential beneficial mechanisms of macrophytes (sedimentation and nutrient uptake) may support longer term actions to reduce nutrient concentrations (Fig. 4D) .
Attachment of transplants to steel mesh was a simple, low-cost and effective method of establishment within loose, flocculent sediments. However, future implementation of this approach requires longterm protection from grazers to maintain biodiversity and increase the potential for improved water quality. Thus, there must be consideration of structural endurance and potential vulnerability during flood events; and public acceptance of the ongoing presence of cages would be necessary. Where limited options for restoration are available, this approach may be useful to establish a regime of co-dominance as an important step in the restoration pathway towards a clear, macrophyte-dominated system.
